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© Method of manufacturing a superconducting wire. 

© A method of manufacturing a wire of supercon- 
ducting oxidic material, in which a preform is used, 
which comprises dispersions of a superconducting 
material and of a non-superconducting material in a 
binder or which comprises dispersions of non-super- 
conducting materials in a binder, in which latter case 
the materials can react whilst forming a supercon- 
ducting compound, in which the preform is extruded 
to a wire, the binder is baked out and the wire is 
sintered. 
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Method of manufacturing a superconducting wire 



The invention relates to a method of manufac- 
turing a superconducting wire of a superconducting 
material of the oxidic type. 

Such a method is disclosed in the Herald 
Tribune of 10-4-1987. It is described herein that it 
must be deemed to be possible to manufacture 
wires of superconducting oxidic material by means 
of a drawing process, in which thin filaments are 
drawn, which can be coated with metal, such as 
Cu. 

The superconducting oxidic material as such is 
known from various publications. Reference may 
be made inter alia to the first publication in this 
field by J.GTBednorz and K.A. Muller in "Zeitschrift 
fur Physik" B, Condensed Matter 64, p. 189-193 of 
September 1986. In this first publication, mention is 
made of the superconducting character of materials 
of the La-Ba-Cu-0 system at comparatively high 
Tg. From later publications, such as "Physical Re- 
view Letters" 58, No. 9, p. 908-910 (1987) it is 
known that also other oxidic (ceramic) materials 
have a comparatively high Tg of. for example 80- 
90* K a superconduction, such as materials of the 
Y-Ba-Cu-O system. Further, Ba may be replaced 
by Sr and Ca. 

From further publications, such as "Physical 
Review Letters" 58. No. 18. p. 1676-1679 (1987) 
and "International Business Week" of 6 April 1987. 
p. 54-60. it appears that the most suitable method 
of manufacturing the superconducting oxidic ma- 
terial in bulk form consists in that the oxides and.or 
carbonates of the constituent elements of the 
superconducting material are mixed in pulverulent 
form and are ground. The mixture is heated and 
compressed to pellets or cylinders and is then 
sintered at high temperature in the oxygen at- 
mosphere. As suggested in the first-mentioned 
publication, very thin filaments can then be drawn 
from these products. 

The invention has for its object to provide a 
new method of manufacturing superconducting 
wires, which offers advantages in comparison with 
the known method. 

A first object of the invention is to provide a 
method, in which in the wire obtained the super- 
conducting material is shielded from the environ- 
ment and more particularly is embedded in non- 
superconducting material, which preferably has a 
good electrical conductivity, however. 

A second object is to provide a method, in 
which it is possible to provide in one wire many 
superconducting filaments, which have very small 
diameter dimensions. 

Another object is to provide a method, in which 



the desired diameter and the desired configuration 
of the wire to be manufactured can be adjusted 
and realized in a simple manner. 

As will appear from the following description, 
5 this object and further objects are realized by 
means of a method of the kind described above, in 
which a mainly cylindrical preform is manufactured, 
which comprises a rod-shaped filament (F) product 
which is embedded in and surrounded by a matrix 
10 (M) product the F and the M product both contain- 
ing a binder, in which pulverulent oxidic material is 
dispersed, in which either the F product or the M 
product, comprises a superconducting oxidic ma- 
terial, in which event the other one of the said two 
is products comprises a non-superconducting oxidic 
material, which is non-reactive with respect to the 
superconducting material, or the F product and the 
M product both comprise a non-superconducting 
oxidic material, which are reactive with respect to 
20 each other and produce by means of a solid state 
reaction a superconducting material, in which the 
preform is deformed by means of an extrusion 
process to a wire of the desired diameter and. in 
case the F and the M product comprise the said 
25 reactive materials, the wire obtained is then heated, 
the binder being decomposed and baked out, 
whereupon the remaining material is sintered. 

The suspension of the pulverulent oxidic ma- 
terial in the binder may be prepared, for example. 
30 by intimately mixing the binder, a solvent for the 
binder and the oxidic material and grinding this 
mixture, for example, in a ball-mill. Additions may 
be added to the mixture, such as a disperging 
agent and a lubricant. 
35 A suitable binder is, for example, nitrocellulose 

polyvinyl alcohol, polyvinyichloride. polyvinyl ace- 
tate, polyacrylates. polyesters, polyester amides, 
polyurethanes and copolymers of at least two mon- 
omers chosen from the group comprising vinylch- 
40 loride. vinylacetate. acrylonitril. vinyl alcohol, vinyl 
butyral and vinylidene chloride. As a solvent for the 
binder, use is made of organic liquids, such as 
esters, for example ethyl acetate, ethers, such as 
tetrahydrofurane, ketones, such as methyl ethyl 
45 ketone and cyclohexanone, hydrocarbons, such as 
toluene, or chlorinated hydrocarbons, such as 1,2- 
dichloro-ethane. An important addition is a disper- 
ging agent, by which the agglomeration of particles 
of the pulverulent material in the binder is avoided 
so or reduced. Examples of suitable disperging agents 
are lecithine. mono- or diesters of phosphoric acid 
and alcohols that may be ethoxylated, alkylaryl 
sulphonic acids or salts thereof. The disperging 
agent is used in a quantity of 1 to 10% by weight 
calculated on the oxidic material. 
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Another addition is a lubricant, which is used in 
a quantity of, for example, 0.1 to 10% by weight 
calculated on the quantity of binder. Suitable lubric- 
ants are fatty acids, such as stearinic acid, fatty 
acid esters, or salts, such as zinc stearate, oils, 
such as silicone oil, and sulphides, such as molyb- 
dene disulphide and graphite. 

The quantity of the oxidic material in the dis- 
persion is preferably 40 to 60% by volume. With 
this high "charging", the superconducting character 
of the wire obtained is favoured. 

The preform can be manufactured in different 
ways. A very suitable manner is the use of an 
extrusion process. As is known, in this case an 
extruder is used comprising a mostly cylindrical 
container for the substance to be extruded, which 
is provided at one end with a spray head provided 
with one or more openings and at the other end 
comprises means by which pressure is exerted on 
the substance to be extruded. Thus, the preform 
can be manufactured by the use of an extruder, of 
which the spray head has a central opening for the 
passage of the F product and an annular gap 
arranged to surround the central opening for the 
passage of the M product. A preform is then ob- 
tained, in which a rod-shaped F product is accom- 
modated in a tube of the M product The extruder 
used must therefore have a separated supply for 
the F and for the M product. 

Further, a simple extruder may be used, by 
which rods of both F product and M product are 
manufactured. The rods are joined so that an F rod 
is entirely surrounded by a bundle of M rods. By 
radial pressure, this assembly can be compacted 
to form a cylinder. 

The preform may also be manufactured by 
means of an injection-moulding or transfer mould- 
ing process. The dispersions are then pressed at 
elevated temperature and pressure into a jig or 
mould corresponding to the preform, after which 
the composite body obtained is detached from the 
jig or mould. 

In the case of extrusion of the preform, a thin 
wire is obtained. The diameter of the wire depends 
upon the outlet opening of the extruder, the pres- 
sure applied and the physical properties, such as 
the viscosity of the material of the preform. By 
means of the method according to the invention, 
very thin wire diameters can be obtained, such as 
a wire diameter smaller than 1 urn. for example 0.1 
urn. During or after extrusion, any solvent present 
is removed. This may take place spontaneously by 
evaporation in air, or forcibly in, for example, a 
counterflow of dry gas. 

The wire may be shaped into any desired 
configuration and may be wound, by way of exam- 
ple, in helical form or in S-Z form. 

In the case in which the F product and the M 



product comprise a non-superconducting reactive 
oxidic material, after the aforementioned shaping of 
the wire, the binder is baked out and the wire is 
sintered. 

5 In a favourable embodiment of a method ac- 

cording to the invention, also in the case in which a 
preform is used in which either the F product or 
the M product comprises a superconducting oxidic 
material, the wire obtained after extrusion is heat- 
w ed, in which event the binder is decomposed and 
is baked out, whereupon the wire is sintered. As a 
result, the superconducting properties of the wire 
are improved. 

The temperature at which the binder is de- 
;5 composed and is baked out strongly depends upon 
the type of binder. A suitable baking-out tempera- 
ture lies, for example, between 400 and 600 °C. 
The decomposition and baking-out process is pref- 
erably carried out in an oxygen-containing atmo- 
20 sphere, such as air or oxygen gas. 

In a preferred embodiment of the method ac- 
cording to the invention, an oxygen-containing 
binder is used. Due to partial or entire self-oxida- 
tion, the removal of the binder is effected in a 
25 simpler and/or completer manner. This especially 
applies to an endothermic binder, that is to say a 
binder which upon decomposition leads to an ex- 
othermic reaction. A suitable example of such a 
binder is nitrocellulose. With a comparatively small 
30 temperature increase, a spontaneous and complete 
decomposition to gaseous products takes place. 

The sintering process is carried out at a con- 
siderably higher temperature than the baking-out 
temperature of the binder. The sintering process 
3 5 preferably also takes place in an oxygen-containing 
atmosphere. A suitable sintering temperature lies, 
for example, between 900 and 1300*C and is, for 
example, 1100* C. At such a high temperature, the 
reactive non-superconducting oxidic materials of 
40 the F product and the M product diffuse and a 
mutual reaction takes place, in which a supercon- 
ducting compound is formed. 

In a preferred embodiment of the method ac- 
cording to the invention, a superconducting mul- 
45 tifilament wire is manufactured. In this embodiment 
of the method, a preform is used in which a num- 
ber of rod-shaped filament (F) products are embed- 
ded and 'surrounded by the M product; the preform 
is extruded to a wire, which, if desired is heated, 
so during which treatment the binder is removed, 
whereupon the wire is sintered, the superconduc- 
ting wire obtained having a multifilament structure, 
in which a number of superconducting filaments 
are embedded in a non-superconducting oxidic 
55 material. 

The multifilament wire obtained, has an ele- 
vated critical current density and an increased criti- 
cal magnetic field. Moreover, the possibility is 
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small that due to a disturbance caused, for exam- 
ple, by an alternating external magnetic field such 
a quantity of thermal energy is produced that a 
passage to the non-superconducting state takes 
place. Further, the advantage is obtained thai in the 
case of an unintentional local passage to the non- 
superconducting state, the electric current is 
drained at least in part via the electrically conduct- 
ing matrix material, in which moreover part of the 
heat developed is dissipated. As a result, the risk 
of complete destruction of the wire is reduced. 

In another preferred embodiment of the meth- 
od according to the invention, a preform is used, in 
which the F product and the M product, respec- 
tively, comprise a superconducting oxidic material 
corresponding to the formula YBa 2 Cu 3 0 7 .s. where 5 
= 0.1 - 0.5, or to the formula La x Me 2 . x CuO*. where 
Me is chosen from the group comprising Ba, Sr 
and Ca and x has a value lying between 1 and 2, 
while the non-superconducting non-reactive oxidic 
material of the M product and of the F product, 
respectively, is constituted by the oxide of one or 
more constituent elements of the aforementioned 
superconducting material or mixtures of such ox- 
ides. 

Examples of such non-superconducting oxides 
are: BaO. CuO. Y 2 0 3 . BaCu0 2 . Y 2 Cu 2 0s and 
Y 2 BaCuOs. With the use of mixtures of such ox- 
ides, care should be taken that no oxides are 
chosen which together can react to form a super- 
conducting material. The choice can be determined 
by means of a phase diagram, such as the Y 2 C>3- 
BaO-CuO phase diagram discussed hereinafter. 

In a further favourable embodiment, a preform 
is used in which the F product and the M product 
comprise a non-superconducting reactive oxidic 
material, diffusion of the oxidic materials taking 
place at the interface of the two products and these 
materials being converted by means of a solid 
state reaction into a superconducting compound of 
the formul YBa 2 Cu 3 0 7 .5. where 5 = 0.1 - 0.5. or of 
the formula La K Me 2 . x Cu04. where Me is chosen 
from the group comprising Ca, Sr and Ba and x 
has a value lying between 1 and 2. 

A person skilled in the art can derive from the 
aforementioned phase diagram, what oxides of one 
or more of the constituent elements of the super- 
conducting material can react with respect to each 
other whilst forming the desired superconducting 
material. 

With the following mixtures of oxides, satisfac- 
tory results are obtained: 

1. CuO and Y 2 Ba*07. 

2. BaCu0 2 and Y 2 Cu 2 0 5 , 

3. La 2 CuOA and LaMeCU. where Me is cho- 
sen from Ca. Sr and Ba. 



The invention will be described more fully with 
reference to the embodiment and the drawing, in 
which: 

Figure 1 shows a cross-section of a preform 
5 used in the method according to the invention, 

Figure 2 shows in cross-section a preform 
obtained by compacting the preform shown in Fig- 
ure 1, 

Figure 3 shows in cross-section a supercon- 
70 ducting wire obtained in accordance with the inven- 
tion, and 

Figure 4 shows in cross-section another em- 
bodiment of a superconducting wire obtained in 
accordance with the invention. 
; 5 Figure 5 shows the Y 2 0 3 -BaO-CuO phase 

diagram. 

A mixture comprising 60% by weight of a 
pulverulent superconducting material correspond* 
20 ing to the formula YBa 2 Cu 3 0 7 ^. where 6 = 0.1 - 
0.5 and 2% by weight of lecithine and for the 
remaining part a binder, such as especially ni- 
trocellulose, is ground for a few hours in the pres- 
ence of a solvent for the binder in a ball-mill. The 
25 mixture is processed by means of an extruder to a 
number (such as three) of cylindrical rods, which 
are denoted in Figure 1 by reference numeral 1 . In- 
the same manner, rods 2 are manufactured, which 
comprise instead of the said superconducting ma- 
30 terial a pulverulent non-superconducting oxidic ma- 
terial corresponding to the formula Y 2 BaCuOs- This 
material is non-reactive with respect to the afore- 
mentioned YBa 2 Cu 3 0 7 .s. The rods 1 and 2 are 
arranged in the manner shown in Figure 1. The 
35 rods have a diameter of a few millimetres, for 
example 5 mm. Subsequently, a pressure is ex- 
erted in radial direction on the bundle of rods, 
during which process the spaces between the rods 
disappear. The preform obtained is shown in Fig- 
40 ure 2, in which the same reference numerals are 
used as in Figure 1. 

The preform is then deformed by means of an 
extrusion process to a wire having a diameter of 15 
um. The solvent evaporates in air. The wire is 
45 shaped into the desired configuration and is wound, 
for example, helically. The wire is then subjected to 
a first temperature treatment, in which the wire is 
heated to a temperature of 400* C. As a result, the 
nitrocellulose is entirely decomposed to gaseous 
so products so that no residue remains in or on the 
wire. Subsequently, a second temperature treat- 
ment is carried out, in which the wire is kept for a 
few hours at a temperature of 1300*C. The wire is 
sintered due to this temperature treatment. The 
55 superconducting wire obtained is shown in Figure 
3, in which reference numeral 3 denotes the fila- 
ments obtained of the superconducting material 
having the aforementioned composition and refer- 
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ence numeral 4 denotes the matrix of non-super- 
conducting material of the aforementioned formula. 
The filaments are entirely embedded in the matrix. 

In quite the same manner as described above, 
a preform is manufactured, in which the rods 1 
comprise the non-superconducting oxidic material 
of the formula Y 2 Cu 2 Os and the rods 2 comprise 
the non-superconducting oxidic material of the for- 
mula BaCu02. After extrusion of the preform, 
baking-out of the binder and sintering, a supercon- 
ducting wire is obtained which is shown in Figure 
4. 

In Figure 4, reference numeral 5 denotes the 
sintered material of the formula Y2CU2O5 and refer- 
ence numeral 6 denotes the sintered material of 
the formula BaCu02. During the sintering process, 
the superconducting compound of the formula 
YBa2Cua07^ is formed at the interface of the two 
materials so that tubular filaments 7 of supercon- 
ducting material are obtained, which are embedded 
in the non-superconducting materials 5 and 6. 

In Figure 5 the phase diagram of CuO-BaO- 
YOi, 5 is represented. As shown by means of a 
partly dotted line the non-superconducting com- 
pound Y2CU2O5 will combine with the non-super- 
conducting compound BaCu02 to form the super- 
conducting compound YBa2Cus07.$. Also the non- 
superconducting CuO combines with the non- 
superconducting Y 2 Baa07 to form the above given 
superconducting compound. Furthermore the dia- 
gram shows three segregation (decomposition) 
zones. The triangle with the corners BaCu02- 
Y2BaCuOs-YBa2 Cu3O7.fi represents one decompo- 
sition zone in which any compound present in said 
zone will decompose into the products represented 
by said corners. A second decomposition zone is 
defined by the corners of the triangle CuO- 
Y2BaCuO5-YBa2Cu3O7.fi. Every compound with a 
composition falling inside said zone will decom- 
pose to said corner compositions. A third decom- 
position zone is the triangle with the corners 
YBa 2 Cu30 7 .$-CuO-BaCu02. Every compound with- 
in this zone will decompose into the products re- 
presented by said comer, compositions. 

Thus, any compound having a composition 
which lies inside the zone confined by the larger 
triangle CuO-BaCu02-Y 2 BaCu05 will at decomposi- 
tion at least produce the superconductive 
YBa2Cu3O7.fi. It may be emphasized that the non- 
superconductive compound Y2BaCuOs in a stable 
compound which will not decompose and not pro- 
duce the aforesaid superconductive material. 



Claims 

1 . A method of manufacturing a wire of super- 
conducting oxidic material, in which a mainly cylin- 

5 drical preform is manufactured, which comprises a 
rod-shaped filament (F) product, which is embed- 
ded in and surrounded by a matrix (M) product, the 
F and the M product both containing a binder in 
which pulverulent oxidic material is dispersed, in 

10 which either the F product or the M product com- 
prises a superconducting oxidic material, in which 
case the other one of the said two products com- 
prises a non-superconducting oxidic material which 
is non-reactive with respect to the superconducting 

75 ' material, or the F product and the M product both 
comprise a non-superconducting oxidic material 
which are reactive with respect to each other and 
by means of a solid state reaction produce a 
superconducting material, in which the preform is 

20 deformed by means of an extrusion process to a 
wire of the desired diameter and then, in case the 
F and the M product comprise the said reactive 
materials, the wire obtained is heated, the binder 
being decomposed and baked out, whereupon the 

25 remaining material is sintered. 

2. A method as claimed in Claim 1 , in which a 
preform is manufactured, in which the F product or 
the M product comprises a superconducting oxidic 
material, the preform is extruded to a wire which is 

30 heated, the binder being decomposed and baked 
out whereupon the material of the wire is sintered. 

3. A method as claimed in Claim 1 or 2. in 
which an oxygen-containing binder is used. 

4. A method as claimed in Claim 1, 2 or 3, in 
35 which a preform is used, in which a number of rod- 
shaped filament (F) products is embedded in and 
surrounded by the M product the preform is ex- 
truded to a wire which, if desired, is heated, the 
binder being removed and the wire then being 

40 sintered, in which the superconducting wire ob- 
tained has a multifilament structure, in which a 
number of superconducting filaments are embed- 
ded in non-superconducting oxidic material. 

5. A method as claimed in any one of the 
45 preceding Claims, in which a preform is used, in 

which the F product or the M product, respectively, 
comprise a superconducting oxidic material cor- 
responding to the formula YBa2Cu3O7.fi. where 6 = 
0.1 - 0.5, or to the formula La x Me 2 . x Cu04, where 

50 Me is chosen from the group comprising Ba, Sr 
and Ca and x has a value lying between 1 and 2, 
while the non-superconducting non-reactive oxidic 
material of the M product or the F product, respec- 
tively, is constituted by the oxides of one or more 

55 constituent elements of the aforementioned super- 
conducting material or mixtures of such oxides. 
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6. A method as claimed in Claim 1, 3 or 4, in 
which a preform is used, in which the F product 
and the M product comprise a non-superconduc- 
ting reactive oxidic material, diffusion of the oxidic 
materials taking place at the interface of the two s 
products and these materials being converted by 
means of a solid state reaction into a superconduc- 
ting compound of the formula YBa2Cu 3 0 7 .a. where 

5 a 0.1 - 0.5, or of the formula La x Me 2 . x CuO* t 
where Me is chosen from the group comprising Ca, 10 
St and Ba and x has a value lying between 1 and 
2. 

7. A method as claimed in Claim 6, in which 
the F product comprises pulverulent CuO and the 

M product comprises pulverulent Y 2 Ba*07- is 

8. A method as claimed in Claim 6. in which 
the F product comprises pulverulent BaCu02 and 
the M product comprises pulverulent Y2CU2O5. 

9. A method as claimed in Claim 6. in which 

the F product comprises pulverulent La 2 Cu04 and 20 
the M product comprises pulverulent LaMeO*. 
where Me is chosen from the group comprising Ca, 
Sr and Ba. 
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